Objectives: To describe the associations between chewing function with oral health and certain general health characteristics, in a population of community-dwelling older Australian men.
Conclusions: Falling rates of edentulism may lead to improved chewing and eating function in older men. Maintaining 20 or more natural teeth, and preventing active coronal and root caries should enhance chewing function and promote self-reported health and oral health. Lower capacity to chew hard foods and a higher reporting of discomfort when eating is associated with co-morbidity in older Australian men.
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| INTRODUCTION
The ability to chew a diverse range of foods has been associated with nutrient intake [1] [2] [3] and oral health-related quality of life. 4 The prevalence of chewing problems in older populations depends on how chewing is measured. Reports from the British National Diet and Nutrition Survey 2, 5 noted that approximately one in five communitydwelling dentate people had difficulty eating raw carrots, apples, nuts and well done steak. Slade et al 6 reported that 37.9% of Australians 60 years or over had difficulty with eating one or more of six foods, with the edentulous sub-group having a significantly higher prevalence of difficulty than those with some natural teeth. Leung et al 7 reported that 15.3% of their Hong Kong community-dwelling population 60 years and older suffered problems in chewing. Poor chewing capacity was associated with a lower instrumental activities of daily living, poor nutritional status, post-stroke and having difficulty brushing teeth or dentures. Moriya et al 8 reported that 31.1% of Japanese aged 65-74 years, and 41.8% of those aged 75-84 years had only "fair"
or "poor" self-assessed masticatory ability. Chewing difficulties in this population were associated with posterior occluding pairs of teeth, periodontal treatment needs and denture-related factors. Avlund et al 9 reported that 45% of men and 54% of Swedish women 70 years and older had chewing difficulties. Poorer chewing capacity was associated with having few or no teeth. They noted also that there were strong inter-relationships between status of the dentition, chewing problems and general functional limitations such as mobility. A study of 1720
Brazilian adults reported that chewing impairment prevalence was 13 .0% in men and 18.0% in women. 10 A higher prevalence of chewing problems was associated with greater age, lower education and income, and having no (or fewer) natural teeth. A nationally representative Swedish study of people aged 77 years and older 11 found a prevalence of chewing difficulty of 20.8%.
Gilbert et al 12 cited 12 clinical and self-reported conditions which were associated with chewing problems in dentate participants in the Florida Dental Care Study. Socio-demographic characteristics such as age, gender, education level and ability to pay for dental care
did not appear to effect chewing satisfaction or capacity.
Many studies have reported that chewing/eating problems are common in old age, but there association with general health and the dentition is less clear. The Concord Health and Ageing in Men Project (CHAMP) provides an opportunity to explore these associations in greater depth. CHAMP collected general health and oral health information on a population-representative sample of older community-dwelling men from inner western Sydney suburbs in the 8th year of the project. 13 This study reports on the prevalence of chewing/eating difficulties and the associations between these, the status of the dentition and general health conditions of CHAMP par- The last three responses to each of these questions were later com- Standard intraoral assessments were conducted by two calibrated oral health therapists using protocols consistent with Australian dental data collection standards. 13 Dry mouth was estimated at the clinical dental assessment. Resting saliva was estimated by the visual screening method described by Walsh. 18 The lower lip was gently rolled out and down with gauze and saliva formation classed in three categories: smoking history; and self-rated general health using the SF-12 questionnaire. All of these measurements together, with their cut points, have been described in detail elsewhere. 14, 16 Cut points for each of these variables were dichotomization, as: disability (ADL), no disabilities; physical (PASE), ≥80, cognitive status (MMSE), ≥26; depression (GDS), <5; and self-rated general health (excellent/good). The total number of comorbidities (cut point ≤1 chronic condition) and smoking history (never smoked) were also recorded.
Statistical analyses were performed using the SAS software program (SAS Institute Inc., Cary, NC, USA). A P value of 0.05 was used to define the statistical significance of associations. Adjusted log binomial regression models were developed to control for major confounders such as age, country of birth, income, education and marital status.
Although this study reports on cross-sectional data, the sequencing of the analyses uses the independent oral health and general health variables as risk indicators for the three measures of chewing/eating problems. Prevalence Ratios (PR) are presented as suggested by Barros and Hirakata for cross-sectional data of this type. 19 
| RESULTS
The ranking of difficulty with chewing foods followed the soft to hard food groupings as listed in the SCQ. Overall, 20.8% of men (n = 128) had difficulty eating hard foods. There was no participant who reported difficulty in chewing boiled eggs and vegetables, but 13.8% (n = 85) had difficulties chewing fresh carrots, 10.7% (n = 66) with firm meat, and 8.6% (n = 53) with difficulty in eating nuts. Only 7.3% (n = 45) had difficulty chewing a fresh apple, and <3.5% had difficulty with chewing dried apricots, pizza, fresh lettuce salad and hamburger. Table 1 summarizes the differences in pattern of chewing difficulty by whether or not the participant had some (dentate) or no natural teeth (edentate). There were no differences between dentate and edentate participants in chewing the softer foods (boiled egg, boiled vegetables and pasta). Statistically significant differences were evident between chewing capacity and dental status for all other foods (P < 0.05).
Twenty-three per cent of participants (n = 142) found it "uncomfortable to eat any food because of problems" with their teeth, mouth or dentures, with edentate men having 2.5 times (95% CI:
1.5-4.3) greater probability of discomfort when eating. Fifty-two participants (8.5%) reported that they occasionally, fairly often or very often had to "interrupt their meal because of problems with their teeth, mouth or dentures." Edentate men had a 1.9 times (95% CI:
1.4-2.6) greater likelihood of interruption to meals than dentate men.
Four hundred and twenty-nine men rated their dental health as either "excellent" "very good" or "good" (70.1%). There was no statistically significant difference between dentate and edentate participants in their responses. In only two instances were associations in edentate men observed between chewing difficulties and dental condition. Both of these associations were not significant in the adjusted findings.
Tables 4 summarize the associations between dentate participants' ability to eat hard foods and the key general health characteristics assessed. The ability to eat hard foods was associated with five general health characteristics: disability; physical activity; comorbidities; cognitive status; and depression. Having a disability was associated with a twofold higher rate of not being able to eat hard foods; lower physical activity was associated with a twofold greater likelihood of not being able to eat hard foods; and having two or more comorbidities was associated with a 60% greater likelihood of inability to eat hard foods. Men with lower cognitive status were more likely to be unable to consume hard foods than men with higher cognitive status and those with a high depression score were about twice as likely to be unable to chew hard foods.
The association between discomfort when eating and general health characteristics is presented in Table 5 . Having one or more comorbidities was associated with a 40 per cent increased likelihood of reporting discomfort when eating over the past 12 months. Dentate men who did not report their general health status as excellent or good had a 60 per cent greater likelihood of also reporting that they "occasionally, fairly often or very often" had discomfort when eating.
The only statistically significant association between general health characteristics and reporting that meals were interrupted because of their teeth, mouth or dentures was for depressive symptoms. Men with a GDS of five or more were more than twice as likely to report having had their meals interrupted because of eating problems (adjusted PR = 2.2; CI, 1.3-3.7).
| DISCUSSION
This study used three estimates of chewing function in older Australian men (ability to eat hard foods, discomfort when eating and meal interruption) to explore the associations between chewing There was a strong association between capacity to chew certain foods and dentate status. Substantially fewer edentate men were able to chew the hard food items. The risk ratio between edentate and dentate men ranged from 1.9 (capacity to chew fresh carrots) to 3.1 (capacity to chew firm meats/steak). This association between poorer chewing capacity for the edentate, despite the wearing of dentures, is consistent with findings reported elsewhere. [20] [21] [22] Those without natural teeth were more likely to report discomfort when eating and having their meals interrupted because of their dentures.
Edentate men also had 1.7 times the risk of having pain or discomfort in the past month when eating hard foods. In this analysis, age was adjusted as a categorical variable. *P < 0.05. In this analysis, age was adjusted as a categorical variable. *P < 0.05.
(25.8%) than males (19.7%). 23 Our findings are similar to those reported in this national study.
The association between active dental disease, chewing function and eating problems is an area of contestability. In our study, the presence and severity of periodontal diseases was not associated with variation in chewing or eating problems. Similarly, the number of FTUs was not associated with any of the three measures of chewing/eating ability. In addition, an association between our estimate of the use of dental services and chewing/eating difficulties was not significant. The presence of active coronal and root surface decay was inconsistently associated with certain variations in responses to the three chewing/ eating measures. More detailed recording of specific dental conditions may be required to elucidate relationships in this area.
Dry mouth (low salivary flow rate) has also been suggested as an important factor associated with chewing function, capacity and satisfaction. ing function in our study, we found that the number of teeth present in dentate men was significantly associated with capacity to eat hard foods, reporting of discomfort when eating, and with the likelihood of reporting interruption with eating during meals. Having fewer than 21 natural teeth was a significant factor in poorer chewing function, a finding consistent with other studies. 6, 9, 10 A key finding of our study was that each of the three chewing/ eating estimates used was associated with self-rated perception of oral health status. Those dentate men who reported fair, poor or uncertainty about the current state of their teeth and mouth had a higher likelihood of not being able to eat hard foods, of reporting showed an association between disability and lower chewing capac- 
